
Earth	
  System	
  Observa:ons	
  and	
  Analysis	
  

GPS	
  Contribu:ons	
  to	
  Opera:onal	
  Meteorology	
  and	
  Research	
  

Seth	
  I.	
  Gutman	
  



March	
  9-­‐12,	
  2010	
  NOAA	
  Earth	
  System	
  Research	
  Laboratory	
  Review	
  -­‐	
  Boulder,	
  Colorado	
   Page	
  47	
  

Background	
  

  In the early 1990’s, the atmos-pheric 
science community was looking for 
better ways to monitor water vapor. 

  One promising candidate utilized the 
radio signals broadcast by the GPS 
satellites. 

Bevis, M., S. Businger, T. Herring, C. 
Rocken, R. Anthes, R. Ware, 1992.  GPS 
meteorology: remote sensing of the 
atmospheric water vapor using the global 
positioning system.  J. Geophys. Res., Vol. 
97, No. D14, 75-94. 



March	
  9-­‐12,	
  2010	
  NOAA	
  Earth	
  System	
  Research	
  Laboratory	
  Review	
  -­‐	
  Boulder,	
  Colorado	
   Page	
  48	
  

GPS	
  Observa:ons	
  in	
  Meteorology	
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In	
  the	
  last	
  10	
  years,	
  the	
  uncertainty	
  with	
  which	
  we	
  
are	
  able	
  to	
  measure	
  total	
  column	
  water	
  vapor	
  has	
  
gone	
  down	
  by	
  about	
  53%.	
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GPS-­‐Met	
  in	
  NOAA	
  

NOAA	
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To	
  understand	
  and	
  predict	
  changes	
  in	
  
Earth’s	
  environment	
  and	
  conserve	
  and	
  
manage	
  coastal	
  and	
  marine	
  resources	
  
to	
  meet	
  our	
  na^on’s	
  economic,	
  social,	
  
and	
  environmental	
  needs	
  

Climate	
  Goal:	
  

Weather	
  &	
  Water	
  Goal:	
  

Commerce	
  &	
  Transporta:on	
  
Goal:	
  

Satellites	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Modeling	
  &	
  Observing	
  Systems	
  

GPS-­‐Met	
  supports	
  NOAA’s	
  Mission	
  by	
  providing	
  
reliable	
  and	
  accurate	
  refrac:vity	
  &	
  moisture	
  
observa:ons	
  at	
  low	
  cost	
  under	
  all	
  weather	
  
condi:ons.	
  	
  



March	
  9-­‐12,	
  2010	
  NOAA	
  Earth	
  System	
  Research	
  Laboratory	
  Review	
  -­‐	
  Boulder,	
  Colorado	
   Page	
  54	
  

Applica:ons	
  of	
  GPS-­‐Met	
  



Smith,	
  T.L.,	
  S.G.	
  Benjamin,	
  S.I.	
  Gutman,	
  and	
  S.R.	
  
Sahm,	
  2007:	
  	
  Short-­‐range	
  forecast	
  impact	
  from	
  
assimila:on	
  of	
  GPS-­‐IPW	
  observa:ons	
  into	
  the	
  
Rapid	
  Update	
  Cycle.	
  	
  Mon.	
  Wea.	
  Rev.,	
  Vol.	
  135,	
  
No.	
  8,	
  2914–2930.	
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Example:	
  NWP	
  

GPS	
  Water	
  Vapor	
  Measurements	
  Enter	
  
Service	
  in	
  Opera^onal	
  RUC	
  Weather	
  Model	
  

on	
  28	
  June	
  2005	
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Full	
  Implanta^on	
  of	
  an	
  Opera^onal	
  
GPS-­‐Met	
  Network	
  over	
  CONUS	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  =	
  

800	
  sta^ons	
  

~	
  200	
  will	
  belong	
  to	
  NOAA/NWS	
  

RUC	
  RH	
  Data	
  Denial	
  Experiments	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
2006-­‐2007	
  

Currently	
  <300	
  sta^ons	
  in	
  CONUS	
  	
  	
  
Only	
  1-­‐in-­‐5	
  belong	
  to	
  NOAA/ESRL	
  

Relative impact of 
different observing 
systems on NWP 
Fcsts as a function  
of time of year 

#1: RAOB 
#2: GPS 
#3: Aircraft 

Winter 2006 

Summer 2007 

Example:	
  NWP	
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1)	
  2nd	
  largest	
  impact	
  on	
  RUC	
  RH	
  forecasts	
  comes	
  
from	
  GPS.	
  

2)	
  GPS	
  data	
  is	
  used	
  opera:onally	
  in	
  NOAA,	
  but	
  the	
  
system	
  is	
  operated	
  and	
  maintained	
  by	
  OAR,	
  not	
  
NWS.	
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Example:	
  Satellite	
  Cal/Val	
  
Systema)c	
  differences	
  between	
  opera)onal	
  GOES	
  East	
  TPW	
  products	
  &	
  GPS	
  
were	
  detected	
  in	
  2002.	
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Example:	
  Satellite	
  Cal/Val	
  
Systema)c	
  differences	
  between	
  opera)onal	
  GOES	
  East	
  &	
  GOES	
  West	
  TPW	
  
products	
  were	
  detected	
  in	
  2005.	
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Example:	
  Satellite	
  Cal/Val	
  
Significant	
  improvements	
  in	
  experimental	
  GOES	
  East	
  TPW	
  products	
  were	
  
demonstrated	
  in	
  2008.	
  

15,456	
  points	
   12,463	
  points	
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Example:	
  Satellite	
  Cal/Val	
  

15,456	
  points	
   12,463	
  points	
  

Significant	
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  in	
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  GOES	
  East	
  TPW	
  products	
  were	
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  in	
  2008.	
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These	
  improvements	
  in	
  GOES-­‐EAST	
  TPW	
  retrievals	
  
are	
  the	
  result	
  of	
  an	
  ongoing	
  collabora:on	
  between	
  
ESRL/GSD,	
  NESDIS	
  and	
  SSEC	
  @	
  U.	
  Wisconsin.	
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Summary	
  
  GPS	
  TPW	
  accuracy	
  is	
  sufficient	
  to	
  detect	
  mm-­‐level	
  errors	
  in	
  TPU	
  

  GPS	
  data	
  and	
  products	
  are	
  used	
  opera^onally:	
  

  data	
  displayed	
  on	
  opera^onal	
  AWIPS	
  worksta^ons.	
  

  GPS	
  data	
  used	
  by	
  NWS	
  to	
  assess	
  and	
  QC	
  opera^onal	
  NWS	
  
rawinsondes.	
  

  GPS	
  data	
  used	
  by	
  opera^onal	
  forecasters	
  to	
  improve	
  forecast	
  skill	
  
during	
  severe	
  weather	
  events.	
  

  GPS	
  observa^ons	
  are	
  assimilated	
  into	
  almost	
  all	
  opera^onal	
  NCEP	
  
models.	
  

•  GPS-­‐Met	
  is	
  ready,	
  willing	
  and	
  able	
  to	
  transi^on	
  from	
  research	
  into	
  
opera^ons.	
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  GPS	
  will	
  be	
  installed	
  at	
  all	
  GCOS	
  Reference	
  Upper-­‐Air	
  Network	
  (GRUAN)	
  
Sites	
  to	
  verify	
  in	
  situ	
  and	
  remote	
  sensing	
  moisture	
  soundings	
  for	
  climate	
  
monitoring.	
  

  GPS	
  IPW	
  es^mates	
  will	
  be	
  rou^nely	
  made	
  on	
  ships	
  in	
  the	
  open	
  ocean	
  to	
  
calibrate	
  and	
  validate	
  satellite	
  and	
  aircral	
  measurements.	
  

  GPS	
  will	
  be	
  used	
  to	
  reduce	
  uncertainty	
  in	
  monitoring	
  ocean	
  height	
  levels	
  
by	
  correc^ng	
  satellite	
  al^meter	
  errors	
  caused	
  by	
  mis-­‐modeling	
  
tropospheric	
  signal	
  delays.	
  

  GPS	
  observa^ons	
  will	
  be	
  made	
  at	
  high	
  al^tude	
  observatories	
  around	
  the	
  
world	
  to	
  place	
  empirical	
  constraints	
  on	
  moisture	
  changes	
  in	
  the	
  middle-­‐
upper	
  troposphere.	
  

Looking	
  Forward	
  


